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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a tubular body made of fiber-reinforced 
composite material being lightweight and having high excellent distortional strength. 
SOLUTION: The tubular body made of fiber-reinforced composite material is formed such 
that low elastic modulus carbon fiber having a tensile elastic modulus of 5-1 60 GPa, a 
compression rupture strain of 1-5%, and a density of fiber of 1.5-1.9 g/cm3 is arranged at 
an orientation angle of +35 to +55° and -35 to -55° with respect to the longitudinal 
axial direction of the tubular body. 



(21 Application number : 11-076670 
(22)Date of filing : 1 9.03.1 999 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other 
than the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's 

decision of rejection] 



[Date of requesting appeal against 
examiner's decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1 998,2003 Japan Patent Office 



[JP,2000-263653,A] 
* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] a modulus of elasticity in tension — 5 - 160GPa and a compression breaking 
strain — the density of 1 - 5%, and fiber — 1 .5 - 1 .9 g/cm3 it is — letter object of 
fiber strengthening composite-material tube manufacturing with which a low 
elastic-modulus carbon fiber is characterized by being arranged to the longitudinal 
shaft orientations of a tubular object by the orientation angle (+35 degrees - +55 
degrees and -35 degrees — 55 degrees) 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the letter 
object of fiber strengthening composite-material tube manufacturing, and a golf shaft, 
the shaft of a tennis racket, the bat of baseball, the shaft of a badminton racket, a 
skiing stock, a fishing rod, etc. are especially the driveshaft of an automobile, and a 
film manufacture machine at an industrial field in a sport field. piVI — ** **M 
******** ** ** % ******** ** ** I ** — ** **** (4) ************** ** <> 
********** ** ** I] ******** — ** theta ******************** 6 ** **** **** 
— **** **************************** cap ZU ** handle ** ** ** 9 
********************** 
[0002] 

[Description of the Prior Art] Fiber strengthening composite material (FRP) is widely 
used for various uses by sport leisure, various industrial fields, etc. Many carbon fiber 
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reinforced composite materias (CFRP) for the use for which lightweight and high 
rigidity is needed are used also in much fiber strengthening composite material which 
used the glass fiber, the aramid fiber, the boron fiber, etc. For example, in the sport 
leisure field, it is mostly used for the racket of a golf shaft, tennis, or badminton, the 
fishing rod, the skiing board, etc. to the driveshaft of a printing machine and the roll for 
film manufacture machines, and an automobile etc. by the industrial field again. 
[0003] In the golf club, lightweight-ization of a shaft is progressing with enlargement 
of a golf head in recent years, and a golf club maker and each shaft maker company 
lightweight-ize a shaft how, or are furthering research and development. However, 
when a shaft does not have sufficient intensity, lightweight-ization of a shaft has a 
possibility that breakage accident may occur by the shock at the time of a hit ball, in 
order to cause a strong fall. Although especially the low shaft had a possibility of a 
shaft having twisted and causing destruction for the torsional stress produced when 
torsional strength removes a sweet spot and it strikes, most shafts which have 
lightweight and high torsional strength were not obtained. 

[0004] Moreover, in a badminton racket, in order to raise the directional stability of 
the shuttle at the time of a hit ball, while it is important to give high torsional rigidity to 
a shaft, a lightweight thing is also one of the important elements. However, in order to 
maintain required intensity, it was not able to be said that sufficient 
lightweightHzation of a shaft had been performed. 

[0005] furthermore, the thing for which it has the torsional strength which was 
excellent in order to transmit big torsion torque although FRP-ization is progressing 
from the conventional metal in the driveshaft of an automobile — in addition, although 
the lightweight thing was also important, it was not able to be said that 
lightweight-ization sufficient in the old driveshaft made from FRP was made 
[0006] 

[Problem(s) to be Solved by the Invention] The purpose of this invention cancels the 
technical problem of these former, and is to offer the letter object of fiber 
strengthening composite-material tube manufacturing which has the torsional 
strength excellent that it is lightweight and highly. 
[0007] 

[Means for Solving the Problem] namely, this invention — a modulus of elasticity in 
tension — 5 - 160GPa and a compression breaking strain — the density of 1 - 5%, and 
fiber — 1.5-1.9 g/cm3 it is — a low elastic-modulus carbon fiber is related with the 
letter object of fiber strengthening composite-material tube manufacturing 
characterized by being arranged to the longitudinal shaft orientations of a tubular 
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object by the orientation angle (+35 degrees - +55 degrees and -35 degrees 55 

degrees) 
[0008] 

[Embodiments of the Invention] Hereafter, the contents of this invention are explained 
in detail. As a low elastic-modulus carbon fiber used by this invention, the modulus of 
elasticity in tension of fiber can use the carbon fiber of 5-120GPa more preferably 
five to 1 50 GPa five to 1 60 GPa. 

[0009] Since the compression breaking strain of this fiber also tends to fall 
simultaneously and may be unable to give sufficient torsional strength for the letter 
object of fiber strengthening composite-material tube manufacturing of this invention 
when the modulus of elasticity in tension of this carbon fiber is higher than these 
160GPa(s), it is not desirable. 

[0010] As a low elastic-modulus carbon fiber used by this invention, a compression 
breaking strain can use 1.7-5% of carbon fiber more preferably 1.5 to 5% 1 to 5%. 
Since sufficient torsional strength for the letter object of fiber strengthening 
composite-material tube manufacturing acquired cannot be given when a compression 
breaking strain is lower than 1%, it is not desirable. 

[001 1] Moreover, the density of the aforementioned carbon fiber is 1.9 g/cm3. It is not 
desirable in order to cause the weight increase of the moldings obtained, in being high. 
[0012] If it is the low elastic-modulus carbon fiber which has such a 
physical-properties value, any carbon fibers, such as a polyacrylonitrile system 
carbon fiber and a pitch based carbon fiber, can be used. 

[0013] The tubular object of this invention is a tubular object which the low 
elastic-modulus carbon fiber of these physical properties has arranged to the 
longitudinal shaft orientations of the letter object of fiber strengthening 
composite-material tube manufacturing by the orientation angle (+35 degrees - +55 
degrees and -35 degrees — 55 degrees). 

[0014] In case the laminating of this carbon fiber is carried out and this letter object of 
fiber strengthening composite-material tube manufacturing is manufactured, it is 
usually made the form of the prepreg which infiltrated the matrix resin into the 
aforementioned carbon fiber, and the laminating of the carbon fiber is carried out. 
[0015] As this prepreg, although a cross prepreg or the 1 direction prepreg can be 
used, the 1 direction prepreg which is easy to control the orientation angle of a carbon 
fiber is used preferably. 

[0016] The thermosetting resin chosen from an epoxy resin, an unsaturated polyester 
resin, phenol resin, silicone resin, a polyurethane resin, a urea resin, melamine resin, 
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etc. as a matrix resin used for this prepreg can be used, and an epoxy resin can be 
used preferably, the strengthening fiber eyes of these prepregs — usually — 30 - 300 
g/m2 — desirable — 50 - 250 g/m2 It can be set as the range, the strengthening fiber 
eyes of a prepreg — 300 g/m2 when large, in restricting the flexibility about the 
weight and the rigidity of the shaft at the time of a shaft (tubular object) design, coil 
around the mandrel of the prepreg at the time of the letter object manufacture of fiber 
strengthening composite-material tube manufacturing etc. — since it is easy to 
produce evils, like a sex is also inferior, it is not desirable 

[0017] In this invention, what judged the prepreg which used the low elastic-modulus 
carbon fiber of these physical properties so that it might arrange to the longitudinal 
shaft orientations of a tubular object by the orientation angle these low 
elastic-modulus carbon fibers of whose are +35 degrees - +55 degrees and -35 
degrees - -55 degrees, and judged it is twisted around a mandrel etc. by the 
aforementioned orientation angle, and it can perform a laminating and hardening. 
[0018] In order to distinguish the layer using the low elastic-modulus carbon fiber 
from other layers, in this invention, this layer will be called a low elastic-modulus layer. 
[0019] A low elastic-modulus layer sticks the low elastic-modulus layer prepreg of 
these positive/negative that judged the carbon fiber prepreg for low elastic-modulus 
layers, respectively, and was judged and obtained, twists it around a mandrel by the 
aforementioned orientation angle so that fiber may serve as an orientation angle (+35 

degrees - +55 degrees and -35 degrees 55 degrees) to the longitudinal shaft 

orientations of a tubular object, and the laminating of it can be carried out as a low 
elastic-modulus layer of a positive/negative lot, and it can be formed. When sticking 
the prepreg of these positive/negative, after the distance equivalent to a part of a 
mandrel gone half round shifts and piles up one side from another side, a low 
elastic-modulus layer can be formed by twisting and carrying out the laminating of the 
prepreg of a positive/negative lot to a mandrel etc. 

[0020] The 1-10 layers (call it 1-10 layers of positive low elastic-modulus layers and 
1-10 layers of negative low elastic-modulus layers) of the numbers of laminatings of 
the low elastic-modulus layer of a positive/negative lot can usually be preferably 
made into 2-8 layers. Moreover, the laminating of a positive low elastic-modulus layer 
or a positive negative low elastic-modulus layer can be carried out by turns every 
[ every layer and ] two or more layers. Moreover, the numbers of laminatings of a 
positive low elastic-modulus layer and a negative low elastic-modulus layer may differ 
mutually. The number of laminatings said by this invention means how many layer 
laminating the layer is averaging and carrying out, i.e., how many times are the 
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surroundings of the shaft of a tubular object wound?. 

[0021] The laminating of the low elastic-modulus layer can also be carried out over 
the whole longitudinal direction of a tubular object, and it can also carry out a 
laminating to a part to raise especially torsional strength partially. Moreover, the 
number of laminatings of the low elastic-modulus layer in the longitudinal direction of 
a tubular object, such as increasing the number of laminatings of the low 
elastic-modulus layer of a part to raise torsional strength rather than the other part, 
when carrying out the laminating of the low elastic-modulus layer over the whole 
longitudinal direction of a tubular object, can also be changed regularly or in irregular. 
[0022] Moreover, the letter object of fiber strengthening composite-material tube 
manufacturing in this invention adds at least two kinds of laminating portions, a 
diagonal-crossing layer and a straight layer, further, and can be constituted. 
[0023] As a prepreg used for a diagonal-crossing layer, although a ** prepreg can be 
used on the other hand, a cross prepreg and since it is easy to control a fiber 
orientation angle, on the other hand, a ** prepreg is used preferably. As strengthening 
fiber used for this prepreg, a modulus of elasticity in tension can use the thing of 
400-1 OOOGPa preferably 200 to 1000 GPa. 

[0024] As such strengthening fiber, a metal fiber, a silicon carbide fiber, an alumina 
fiber, a boron fiber, a potassium titanate fiber, a carbon fiber, etc. are mentioned, it is 
lightweight and a carbon fiber is preferably used from it being a high modulus of 
elasticity in tension. 

[0025] On the other hand as a prepreg used for the straight layer in this invention, a 
** prepreg can be used preferably. As strengthening fiber used for the prepreg used 
for this straight layer, a modulus of elasticity in tension can usually use the 
strengthening fiber of 200-600GPa. 

[0026] As such strengthening fiber, a metal fiber, a silicon carbide fiber, an alumina 
fiber, a boron fiber, a potassium titanate fiber, a carbon fiber, etc. are mentioned, it is 
lightweight and a carbon fiber is preferably used from it being a high modulus of 
elasticity in tension. 

[0027] As a matrix resin used for the prepreg used for the aforementioned 
diagonal-crossing layer and a straight layer, respectively, the thermosetting resin 
chosen from an epoxy resin, an unsaturated polyester resin, phenol resin, silicone 
resin, a polyurethane resin, a urea resin, melamine resin, etc. is used, and an epoxy 
resin is used preferably, as these prepregs — strengthening fiber eyes — usually — 
30 - 300 g/m2 — desirable — 50 - 250 g/m2 The thing of the range can be used. 
[0028] When the strengthening fiber eyes of a prepreg are larger than this range, in 
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restricting the flexibility at the time of a shaft design, since it is easy to produce evils, 
like the winding nature to the mandrel of the prepreg at the time of the letter object 
manufacture of fiber strengthening composite-material tube manufacturing is also 
inferior, it is not desirable. 

[0029] The diagonal-crossing layer in this invention makes the lot the positive 
diagonal-crossing layer and the negative diagonal-crossing layer. Usually, the 
laminating of the diagonal-crossing layer of positive/negative is carried out by turns 
mutually. A positive diagonal-crossing layer can be formed by twisting and carrying 
out the laminating of the prepreg to a mandrel etc. so that +15 degrees - the +75 
degrees of +25 degrees - the +65 degrees of the directions of orientation of 
strengthening fiber may become +35 degrees - +55 degrees more preferably to the 
shaft orientations of a tubular object. 

[0030] A negative diagonal-crossing layer is a layer which carried out orientation, as 
the strengthening fiber intersects the strengthening fiber of a positive 
diagonal-crossing layer, and -25 degrees - -65 degrees of -15 degrees - -75 degrees 
of strengthening fiber can form it preferably to the shaft orientations of a tubular 
object by twisting and carrying out the laminating of the prepreg to a mandrel etc. so 
that it may become -35 degrees - -55 degrees more preferably. 

[0031] The 1-10 layers of the numbers of laminatings of the diagonal-crossing layer of 
a positive/negative lot can usually be preferably made into 2-8 layers. If a positive 
diagonal-crossing layer and a negative diagonal-crossing layer are considered as 
separate, the 2-20 layers of the numbers of laminatings of a diagonal-crossing layer 
can usually be preferably made into 4-16 layers. Moreover, the laminating of a positive 
diagonal-crossing layer or a positive negative diagonal-crossing layer can be carried 
out by turns every [ every layer and ] two or more layers. Moreover, the numbers of 
laminatings of a positive diagonal-crossing layer and a negative diagonal-crossing 
layer may differ mutually. 

[0032] The straight layer in this invention can be formed by twisting and carrying out 
the laminating of the prepreg to a mandrel etc. so that the direction of orientation of 
strengthening fiber may usually become 0 degree - **10 degrees to the shaft 
orientations of a tubular object. The 1-10 layers of the numbers of laminatings of a 
straight layer can usually be preferably made into 2-8 layers. 

[0033] With the letter object of fiber strengthening composite-material tube 
manufacturing in this invention, although it is desirable to carry out a 
diagonal-crossing layer inside and to carry out the laminating of the straight layer 
outside, it is not limited to this. 
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[0034] Although the low elastic-modulus layer of this invention receives other layers 
of a tubular object and can carry out a laminating also to the position of a gap It can 
arrange the outside of a diagonal-crossing layer, inside a diagonal-crossing layer, etc. 
For example, a straight (outside) layer / low elastic-modulus layer / diagonal-crossing 
layer (inside), A low elastic-modulus layer / diagonal-crossing layer / straight layer 
(inside), a straight (outside) layer / diagonal-crossing layer / low elastic-modulus 
layer (inside), (Outside) (Outside) It can arrange like a diagonal-crossing layer / low 
elastic-modulus layer / straight layer (inside), a low (outside) elastic-modulus layer / 
straight layer / diagonal-crossing layer (inside), and a diagonal-crossing (outside) 
layer / straight layer / low elastic-modulus layer (inside). 
[0035] 

[Example] this invention is not limited by these although an example is shown below. 
[0036] as a low elastic-modulus ****** elastic-modulus carbon fiber — the product 
made from Japanese Graphite fiber — 1 which XN-05 (a modulus of elasticity in 
tension is 3 49GPa(s), the compression breaking strain of 2.9%, and the density of 
1.65g/cm) is used, and an epoxy resin is infiltrated into this, and is obtained — 
direction carbon fiber prepreg E0526A-05N (for a tradename and carbon fiber eyes, 55 
g/m2 and a resin content are 40 % of the weight) was used 

[0037] as the strengthening fiber for straight layers combined with a low 
elastic-modulus carbon fiber — the Toray Industries, Inc. make — 1 which carbon 
fiber T700S (a modulus of elasticity in tension is 230GPa(s) and 1.4% of compression 
breaking strains, and density is 1.8 g/cm3) are used, and an epoxy resin is infiltrated 
into this, and is obtained — direction carbon fiber prepreg P3055S-12 (for a 
tradename and carbon fiber eyes, 125 g/m2 and a resin content are 25 % of the 
weight) was used 

[0038] as the strengthening fiber for diagonal-crossing layers combined with a low 
elastic-modulus carbon fiber — the Toray Industries, Inc. make — 1 which carbon 
fiber M40J (a modulus of elasticity in tension is 377GPa(s) and 0.7% of compression 
breaking strains, and density is 1.77 g/cm3) are used, and an epoxy resin is infiltrated 
into this, and is obtained — direction carbon fiber prepreg P9055F-13 (for a 
tradename and carbon fiber eyes, 125 g/m2 and a resin content are 25 % of the 
weight) was used 

[0039] Each prepreg of the example 1 following was started in length of 1200mm, and 
it twisted around the mandrel with a diameter [ of 10mm ], and a length of 1500mm, 
and formed from the inside in order of the diagonal-crossing layer, the low 
elastic-modulus layer, and the straight layer, respectively. 
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[0040] The diagonal-crossing layer was twisted around the mandrel, and in the group, 
two-layer, and total a laminating of four layers of positive/negative of it were carried 
out, and it was formed so that the distance which is more equivalent to a part of a 
mandrel gone half round in the prepreg for diagonal-crossing layers of 
positive/negative might shift one side from another side and a carbon fiber might 
serve as a **45-degree orientation angle to the longitudinal shaft orientations of a 
mandrel as a lot in piles. 

[0041] The low elastic-modulus layer was twisted around the diagonal-crossing layer 
so that the distance which is more equivalent to a part of a mandrel gone half round in 
the prepreg for low elastic-modulus layers of positive/negative might shift one side 
from another side and a carbon fiber might serve as a **45-degree orientation angle 
to the longitudinal shaft orientations of a mandrel as a lot in piles, and in the group, 
one layer, and total a laminating of two layers of positive/negative of it were carried 
out, and it was formed. 

[0042] The straight layer twisted the prepreg for straight layers around the low 
elastic-modulus layer so that a carbon fiber might become parallel to the longitudinal 
shaft orientations of a mandrel, and it carried out the three-layer laminating uniformly 
and it formed it. 

[0043] After hardening the mold release tape by upper shell winding of a straight layer 
and making the layered product obtained by carrying out the laminating of each class 
harden this layered product under 1 30 degrees C and conditions of 1 hour, the letter 
object of composite-material tube manufacturing which draws out a mandrel and does 
not have a taper was acquired. 

[0044] This tubular object was cut down in length of 450mm, the metal tab was pasted 
up on ends, and the torsion test was performed. Span length was 350mm. It had the 
torsion physical properties which were lightweight, and were excellent. [ of the tubular 
object acquired by doing in this way as shown in Table 1 ] 

[0045] The tubular object was acquired like the example 1 except having not carried 
out the laminating of the example of comparison 1 low elastic-modulus layer. It 
twisted, although the tubular object acquired by doing in this way was lightweight as 
shown in Table 1, and physical properties were inferior. 

[0046] The tubular object was acquired like the example 1 except having not carried 
out the laminating of the example of comparison 2 low elastic-modulus layer, but 
having carried out the three-layer laminating of the diagonal-crossing layer in the 
group. As shown in Table 1, the tubular object acquired by doing in this way had the 
large weight, and torsion physical properties were inferior. 
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[0047] example of comparison 3 Toray Industries make — the tubular object was 
acquired like the example 1 except having used the 1 direction carbon fiber prepreg 
(carbon fiber eyes 55 g/m2, resin-content 37wt%) which an epoxy resin is infiltrated 
into carbon fiber T700S (modulus-of-elasticity-in-tension 230GPa, 1.4% of 
compression breaking strains, density 1.8 g/cm3), and is obtained as a low 
elastic-modulus layer Although the tubular object acquired by doing in this way was 
lightweight as shown in Table 1, torsion physical properties were inferior. 
[0048] Each prepreg of the example 2 following was started in length of 1 245mm at 
the trapezoidal shape so that the number of laminatings might become fixed, and it 
twisted around the mandrel of the narrow diameter side outer diameter of 3.75mm, the 
large diameter side outer diameter of 13.5mm, a length of 1500mm, and tapers 
6.5/1000. and formed from the inside in order of the diagonal-crossing layer, the low 
elastic-modulus layer, and the straight layer, respectively. 

[0049] The distance in which a diagonal-crossing layer is more equivalent to a part of 
a mandrel gone half round in prepreg M40J for diagonal-crossing layers of 
positive/negative (carbon fiber eyes 125 g/m2, 25 % of the weight of resin contents) 
shifts one side from another side. It twisted around the mandrel, and toward the large 
diameter side, in the group, two-layer, and total a laminating of four layers of 
positive/negative were carried out, and it formed from the position of 283mm from the 
narrow diameter side edge section so that a carbon fiber might serve as a 
**45-degree orientation angle to the longitudinal shaft orientations of a mandrel as a 
lot in piles. 

[0050] a low elastic-modulus layer — the object for the low elastic-modulus layers of 
positive/negative — it twisted around the diagonal-crossing layer, and in the group, 
one layer, and total a laminating of two layers of positive/negative were carried out, 
and it formed so that the distance which is more equivalent to a part of a mandrel 
gone half round in prepreg XN-05 (carbon fiber eyes 55 g/m2, 40 % of the weight of 
resin contents) might shift one side from another side and a carbon fiber might serve 
as a **45-degree orientation angle to the longitudinal shaft orientations of a mandrel 



as 



[0051] a carbon fiber carries out orientation of the straight layer in parallel with the 
longitudinal shaft orientations of a mandrel — as — the object for straight layers — it 
twisted around the low elastic-modulus layer, and the four-layer laminating of prepreg 
T700S (carbon fiber eyes 125 g/m2, 25 % of the weight of resin contents) was carried 
out uniformly, and they were formed 

[0052] Furthermore, the 2nd straight layer for outer-diameter doubling (P3052S-12) 
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twisted around the aforementioned straight layer the prepreg started to the triangle 
so that it might become a 0 horizon from three layers and the narrow diameter side 
edge section in the narrow diameter side edge section in the position of 150mm, 
carried out the laminating, and formed it. 

[0053] After hardening the mold release tape by upper shell winding of the 2nd 
straight layer and making the layered product obtained by carrying out the laminating 
of each class harden this layered product under 130 degrees C and conditions of 1 
hour, the letter object of composite-material tube manufacturing which draws out a 
mandrel and has a taper was acquired. 

[0054] The 50mm length portion was cut off from each edge the narrow diameter and 
large diameter side, this tubular-with taper object was cut down in length of 1 145mm, 
the metal tab was pasted up on ends, and the torsion test was performed. Span length 
was 1055mm. This tubular object was 15.3mm in the narrow diameter side bore of 
5.9mm and the outer diameter of 8.5mm f the large diameter side bore of 1 3.4mm, and 
outer diameter. 

[0055] It had the torsion physical properties which were lightweight, and were 
excellent. [ of the tubular object acquired by doing in this way as shown in Table 2 ] 
[0056] The tubular object was acquired like the example 2 except having not carried 
out the laminating of the example of comparison 4 low elastic-modulus layer, but 
having twisted in order of the diagonal-crossing layer prepreg, the straight layer 
prepreg, and the 2nd straight layer prepreg, and having carried out the laminating 
toward the large diameter side, from the place of 322mm, from the mandrel narrow 
diameter side edge section. It twisted, although the tubular object acquired by doing in 
this way was lightweight as shown in Table 2, and physical properties were inferior. 
[0057] The tubular object was acquired like the example 2 except having not carried 
out the laminating of the example of comparison 5 low elastic-modulus layer, but 
having carried out the 2.5-layer laminating of the diagonal-crossing layer in the group, 
having twisted in order of the diagonal-crossing layer prepreg, the straight layer 
prepreg, and the 2nd straight layer prepreg, and having carried out the laminating 
toward the large diameter side, from the place of 290mm, from the mandrel narrow 
diameter side edge section. The tubular object acquired by doing in this way as shown 
in Table 2 was inferior in torsion physical properties. 

[0058] example of comparison 6 Toray Industries make — the 1 direction carbon fiber 
prepreg (carbon fiber eyes 55 g/m2, resin-content 37wt%) which an epoxy resin is 
infiltrated into carbon fiber T700S (modulus-of-elasticity-in-tension 230GPa, 1.4% of 
compression breaking strains, density 1.8 g/cm3), and is obtained — a low 
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elastic-modulus layer — carrying out It was used and the tubular object was acquired 
like the example 2 except having twisted the aforementioned prepreg toward the large 
diameter side from the place of 287mm from the mandrel narrow diameter side edge 
section. It twisted, as shown in Table 2. and physical properties were inferior. 

[0059] 
[Table 1] 



[0060] 
[Table 2] 



[0061] 

[Effect of the Invention] As explained above, by this invention, it was lightweight and 
the letter object of torsion fracture torque and fiber strengthening 
composite-material tube manufacturing which it twists, and a fracture angle is large 
and has high torsional strength was able to be offered. 
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0rT>T** s 1 - 5 %, ttNt0«£*' 1 . 5 - 1 . 9g/ 
cm 3 T4>*tt»tt*tt*!KH**. *tt*^ft*Wl*|6j 
[:Mlt+3 5° -+55° *J±tf-3 5' 55' 

[0 0 0 1 ] 
[0 0 0 2] 

ii&&<vi£ffi) mmmtm&wn <frp> tt^^-y 
$*ltv>*. r^s; rum. Movant* 

aatss-fka^ww (cfrp) «t % ea-cK^wi*^^ 

[0 0 0 3] rtjls?? ^zflZte^^Xn&^&^jUy^y 
t> % — # — . ^t7h^^-#ttttv^ 

^ <t 9 vtm^m* &%z> ® & a o *> k ia u $ j* 

[0 0 0 4] £fc, /<K5^h^94r^ Mcfc^THt, 

[0 0 0 5] ££>lc:, gib*:^^D^7v-v7 Hwte^ 



[0 0 0 6] 
[0 0 0 7] 

3*ttapjdS 5-1 6 0 G P a > BEiBHK»TtM*^^ 1 ~ 5 
%s ttmv&BZ&l. 5-1. 9g/cm3t'fcWI 
ttVMXHWI^. l ; «ff^S^Wl^^l-^-LT4- 3 5° 
-4-5 5° ^^-3 5' 55* <&Kfpjft-CBE«£ 

Hi-*. 

[0 0 0 8] 

l&WV>mm.CDMm] £*T\ *»W©l*I*«r»SlaHJ:lftW 

abffi<03l3R3*tt**S 5 — i 6 0GP a, »£L<te5- 
1 5 0 G P a . £9 # ;£ L < ft 5 - 1 20GPa <£^l!f 

[0 0 0 9] 0k^5R«iKIO5l58»tt*3&SC^l 6 0GP 

ftTUl*v^<, *X«0HW3A<b«£fmK*:R 

[0 0 10] **M"effiV^6*tSiS»tt*«*aW£i: U 
Ttt, ffiB*«l>i"*# 1 - 5 %. #*U<ttl. 5- 
5%, J:5»*L<tt, 1. 7-5%cD^^»i^^v^ 

loo i i] fflji5«*aa*©*ffi^ i . sg/c 
[0012] roi5tt*ttlt*r*-r5«»tt*«*« 

[0 0 13] *8«off«#tt, *»*»5*tt©iS9W4* 

-+55* i6j;T/-35 # 55° <D 

[0 0 14] ttM*l^«r«JILT0[»iE^b«^A 

[0015] R^y/i/^tum ^D^T'y^u-^ 



(3) 
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[0016] ec/y 7\sir\z.mmztiz~* hi) y#*m 
/uttiiB, ^«ib, #y p^^wjib* » 

3T N 30-3 00 g/m 2 % «L<li50-2 5 0 g 
«IIW3 0 0 g/m 2 £9*#^«£l-te> 

[0 0 1 7] *38l§g-Ctt, jto&>S4M±<0ffi#tt*K*« 
Tttffi»tt*«*««l36S+3 5* -+5 5- *3j:tf-3 

5* 5 5" OBBft«TK«i"5£3U:jft»rU *ft»r 

[0018) te3*tt^*8&^^ffi^^S^fife^>S t E 
SUi- * * \z. , -ctt r <om £ *JB t »i" 6 

[0019] {&5*tt*««. 

M*fLT+3 5 0 -+55' *5£T>'-3 5 # 5 5* 

oiBfr i ft 5 J: 5 ^(S:»tt*JifflK*«»^ y ^ ^ ^ 

h^k wu*r ±r ^ o Taut * - i -c«»tt* 
[oo2o] i£&-m<Dim&mm<Dffijgm*mi%. 1 

-101 (H<©{g;3*i4*JB 1-101, 

ji & i m r t * t - i fcxxwwii-* - 1 & 

[0 0 2 1 ] <S;5H4i?Jittff«ft:^>fi^rp]^#J-il6o 



micas-* zi&w&m®<omm&&mm. 
[0022] 

[0 0 2 3] M^^^^^^^y T'l^^^ LTt^ % 

^y ^u^t6«ttj'-^^^y /u^effltsr^i 
tia a* > aui sb fpi £ «r Ad w u ^i- ^ ^ fc *— * rS) ^ y ^ 
u^^k^^^o K^y^u^flEffi^tt* 
5£4bittN£& ttit 3l«»tt** 2 0 0-iooogp 

a, »IL<li4 0 0-1 0 0 0GPa©tOW5 
[0 0 2 4 ] r<£> J: 5 fttt<btt*t ^ Ltll &JURMI; 

[0 0 2 5] ^Ig^l-^o^*^ h hJSl£fflV^<&:/y 

0 0GP a ^k«l*fflV^ri:^#^ 
[0 0 2 6] ^©J:5*MMUIBi4 ttll AJKtttt. 
M{b3£9Rttti. r^5^»t». *o^a»» % 

[0 0 2 7] gffB#4£S*3 cfcU 5 ^ h V— hJfl^^tb-m 

ffl^btts^y ^u^«ffi**ts^ b y yfxmmt 

rmm, * ? 5 ^«iB***b»tftt*«H«^tt*iiB^ffl 
wfyfysfh L,xtemtmmBtt&mi%. 30-30 

0g/m 2 , ^L<li5 0-2 5 0 g/m z CD$&ffl<0 

[0028] yrv7\sy<Dmtim&m^v>ffi.w± v 

7"y Kwi^©»*#H-tt<>*6«©9»» 

*s*i:^i-v^fc*»*u< ftv\ 

[0 0 2 9] ##WU:##S*»a»tt, 3EO*fS!JB4* 

|6j*S»*frO*ll*lftiw»Lr, 4-15° -+7 5' , » 
£L<te+25* -+65' , <tt)»^L<li+3 5- 
-+5 5' p KIT' y ^U^Sr^V Ku^ftt't- 

[0 0 3 0] *©«25t»tt, «OM{b«M#jE«)flXJI 



(4) 
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©«*lfl^»UTWU«ll#, -15* ' 75' , 

iKH-25' --65 # , J:5ff*L<tt-35' 

5 5° Kft£J: ^^^y^^^^^^Kw^^ric 

[0 0 3 1 ] EA^*ft©«^IB©W»*»i. ii# i - l 

[0 0 3 2] #S8«fc*5tt*;* h MBtt, 3Ste«*£ 
0° ^/^^^Stc^y^u^Sr^^Ku/^if^gro 
tt«tt, 1-1 OS. #SL<W:2-8Jii:i-*C*a* 

[0 0 3 3] *«M^^tt*a^^b«^»*l-t!!««ff 

[0 0 3 4] ^PJOlSPtt^ett^^ffi^St-^J- 

m) > (*«) i&wi£&m/®&m/x h^—vm 

«) > WiR'J) ^h^-M/^I/Bl^l (rt 
W) . (*«) «*SJB/(5:**t*«/^ b ^1 (rt 

[0 0 3 5] 

[HM0y] «T^*»««r*-*"*, *8*ttrftbia 

[0 0 3 6] i&»tt*Jiffi(S»tt*K*aWt i: IT, 0 
^y^r-i b77<<'<- (HO »N-05 (5I3RW 
tt*tt 4 9 G P a , JE«Wl*?rt>-f ^ 2 . 9%, Ml. 
65g/cm 3 ) SrffifllU rix^^^^WffiSr^a 
^^IbHS-^ill^^^^E 0 5 2 6 A 
-0 5N (ffifp* % gii»S^li5 5 g/m 2 , «MB 
^ffll4 0li%) ^(£fflL3to 

[0037] i&m±^mmmmtm^t>^^^ v u 

0 0 S (SISSS*tt*tt2 3 0GPa v JEfiS«fcWrl>"f * 
1. 4% N «gtfttl. 8g/cm 3 ) SrfiEfflL, mi: 

y/l/i/P 3 0 5 5 S-12 «*K»»Stttt 

1 2 5 g/m 2 x m&<£ti&&2 5M%) Srffifll L 

[0 0 3 8 ] i&m±mmmmmkm*&toZi'iz>®#m 



SfiS¥*tsp*i 3 7 7 G P a , JES8«»rlM"* 0 . 7 %, « 
*B1. 7 7g/cm 3 ) *4fe/BU rttf 

assess: $ *-c?# feft5-*fa#***ii:/ y /i^^P9 

0 5 5 F-13 (^n D o^s SailWlil2 5g/ m 
2 s ffl^tl(i2 5lfi%) *M£/flLfc. 

[0 0 3 9] Sllffiffll 1 
TlSCO^^y 1 2 0 0mml^«)!?aiU U 

S 1 Omni, fi£ 15 0 OmmO-ry KWWC«#WW 

/W^##ottT«a-C2Ji, aEA-&ft4»««U"C^fiRL 
[0 0 4 1 ] ffiSH4*Jira\ iE*©(g:5»ttap5JBffl^y ^ 

wuo^$i!];frftl£#LT± 4 5° t^IBiRj^ir^SJ: 5 
fc»X«fc*fcoW--c\ »?iJi, j&ft<g«-2JBSJiL 

[0042] hjitt, ^ssaai^v' kww 

L/Co 

[0 0 4 3] £JI£ffi/§ LTWfetbfcWJifle^lBa!^- 

[0 0 4 4] 4 5 0 mmCOl ^ t-^J «9 W Lf^ 

SI^IM? ^MUia C 9 KttSrff o fc. ^^°>- 
5$fi3 5 0mmTfcot ^ 1 K^i" J: 5 1- - <Ok 5 

[0 0 4 5] jtew 1 

iS»tt*Jift«Ji u4^ofc«^tt*Jii«y i <^ Iridic l 

[0 0 4 6] jtKftl 2 

jtite« 1 1 mm\z itfw^ito « i K^-f i 5 

[crcoj: 5^LT»fetL*:*ttfftta»s** < , fat 

[0 0 4 7] itKtfd 3 
3S U«S*«*iT 7 0 0 S 2 3 0 G P a , 

ffiffl«Wrt>i" ^ 1 • 4%, Ml. 8g/cm 3 ) 1-^ 

^^Mt^as^rflibixs-^rtWKiaai^y ^ 

(K«@M5 5g/m 2 , MM«3 7wt 



(5) 
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[0 04 8] Xlfcftl 2 

Tt£^#^ y ^ u ?&mmwt&-fcizft z> x 5 

t^fiSl 2 4 5mm^«J9fflb, «aS«"J^a3. 7 5m 
m N *lfll^Sl 3. 5mm % fi$ 1 5 00mm, 
/^6. 5/1 0 0 0<D^> KWH:*#ftlJTrtflli 4 b 

[0 0 4 9 ] MSSJittx IEAO«4S5Hffl^y ^1/^M4 
0 J OKXIKMlBftl 2 5 g/m 2 , ttltm2 51 

^^KWU^4S#o*t"C*IBffi«li8fflJ: !? 2 8 3mmO 
[0 0 5 0] jEftOiSSStt^JB/B^y ^ 

u^xn-05 (mmmmnH5 5 gXmK 

14 oii%) K WK^^H»lcti^t^»(5 

if— **r**^feTbUTMlar— It, MMRtt 
K WKDf##*fS]^tT± 4 5° OBBfaAi: 
*SJ:5^XHlc:*#oWTffl"ei». lE^ff 2/1 

[ 0 0 5 1 ] ^hi/- hStts »^^>K^ 
^^T7 0 0 S (Kiilii^nsg/m 2 , M 

[0 0 5 2] $ £>\Zft&&t>*t<Dti1b<Dm 2 * h V— h 
I (P3 0 5 2 S-1 2) II iBBSi»JJS*|J-C3ji, 
MNKff^& 1 5 OmmOffifETOJiirft* <fc dt-H^ 
|c«Jt)tbb^^y ^u^^huI2^ h ^ hJf 

[0053] ^asraaLT^feixfcaJiflst-BtsiT 1 - 
1 3 o°c, i enoftttTTWkstfcfti-^^ k wu 

[0 0 5 4] *paS«'Js *a«**L-P*b^*llffl^6 5 0m 

o^ 0 It«««:iiaB€E«JrtS 5 . 9mmtr>'l:^8. 
5 mm, iiWrtgl 3. 4mmtliH:Ml 5. 3 m' 
mT&ofCo 

[0 0 5 5 ] ^2 1^^-TJ: ?\zz<DX o\z.Lxmbh,K- 
[0 0 5 6] Jfc|fcffil4 



2mmOir6^f)*iW:i6]d 1 oT^I$I^y^V 

^ h h®^y ^u^, i27hu-hi^y/ 

[0 0 5 7] Jt$£#J 5 

iRijicr&i^oTM^ii^y ^hu-hary^^ 

[ 0 0 5 8] Vtfgtm 6 

x ^m^mmmr 700s (sikhm** 2 3 0 g p a . 

JEaHKWrt>"T ^ l . 4%, ffitf l . 8g/cm 3 ) 

(«I@^5 5g/m 2 , *M«3 7wt 
%) LTflWBU ^^KWH»«««» 

£•928 7mm0^r5^^^:^Ji-f^^<>'tmJte^ B y 

[0 0 5 9] 



[*i ] 





to b 9 $ 




ft* 
g 


N • m 


deg 


&5feflJl 


21 


32 


30 


JfcMWl 


18 


24 


25 




25 


31 


26 




21 


28 


27 


[0 0 6 0] 








S3 
g 


N • m 


deg 


SJfcff»J2 


61 


18.9 


55 


Jt««4 


55 


12.4 


47 




61 


15.5 


50 


JfctM»J6 


61 


16.0 


51 



[0 0 6 1 ] 
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(5l)Int.Cl. 7 

A6 3C H/22 
F 1 6 C 13/00 
// B29K 105:08 
307:04 
B29L 23:00 
31:52 



mm* 



F I 

F 1 6 C 13/00 
AO 1 K 87/00 



A 

6 3 OA 



(72)3g93# «r*t JS— 

(72)»93# *n ^© 

itsssjiijiRWSrtT^K^jfcwrs** 0*^ 

(72)X91# ^3* 

X]R«iKSES«r« 3-5-1 0*^7 
77^ h7 7>f^-»*Atkrt 



(72)»W# ttJH #- 

JUMM^fflK***^- 6-3 *ff 

F* — J*(iMt) 2B019 AB03 AB14 AB37 
2C002 AA05 CS03 MM02 
3J103 AA02 FA19 FA30 GA02 GA52 

GA54 HA03 HA19 HA41 
4F205 AA36 AA39 AD02 AD12 AD16 
AG08 AH59 HA02 HA23 HA37 
HA45 HB01 HC02 HC17 HK04 
HK05 HL02 HL14 



0* 



